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Catch the m1B Train Minireview
to the Basolateral Surface
signal is based on a Y-X-X-hydrophobic motif, which
binds to the m2 subunit (reviewed in Bonifacino and
Dell'Angelica, 1999). AP1 and AP3 adaptors mediate
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delivery from the TGN to endosomes. AP1 consists ofUniversity of California
g, b1, m1, and s1 subunits, and the m1 subunit recog-San Francisco, California 94143
nizes Tyr-based sorting signals.
FoÈ lsch et al. studied a novel isoform of m1, m1B, whose
expression is confined to epithelial cells (Ohno et al.,Transport between the numerous organelles of the cell
1999). This suggested that m1B, as part of the AP1 com-is largely mediated by sorting of cargo proteins into
plex, could be the long sought adaptor responsible forcarrier vesicles, vesicular budding, tethering of the vesi-
basolateral sorting. One polarized epithelial cell line,cles at the target membrane, and finally fusion. Delivery
LLC-PK1, lacks m1B. These cells are not very well polar-of proteins to the distinct apical and basolateral plasma
ized, and missort several basolateral proteins, e.g.,membrane domains of polarized epithelial cells is an
LDLR and transferrin receptor (TfR), to the apical sur-attractive system to study how specificity of transport
face (FoÈ lsch et al., 1999; Roush et al., 1998). FoÈ lsch etis achieved. Proteins involved in transport to these sur-
al. exogenously expressed m1B in LLC-PK1 cells andfaces are summarized in Figure 1. For instance, the exo-
showed that LDLR and TfR are redirected to the basolat-cyst is involved in tethering vesicles at the basolateral
eral surface. The key conclusion is that the m1B subunitsurface (Grindstaff et al., 1998). SNARES may supply
is sufficient to sort a protein to the basolateral surface.part of the specificity for fusion since epithelial cells
How, precisely, this is achieved remains to be deter-utilize distinct t-SNAREs for apical and basolateral traffic
mined, but it will be interesting to see if m1B induces(a situation dramatically different from neurons, where
the formation of a new class of basolaterally directedno known syntaxins are found uniquely in axons or den-
vesicles, or causes the m1B-dependent sorting of certaindrites) (Low et al., 1998; Foletti et al., 1999; Lafont et
proteins into vesicles destined for the basolateral sur-al., 1999).
face even in the absence of m1B. FoÈ lsch et al. showedMany vesicles traveling between the plasma mem-
that m1B assembles with the g, b1, and s1 subunits,brane, trans-Golgi network (TGN), and endosomes uti-
though it is unclear if individual vesicles homogeneouslylize clathrin coats. Between the clathrin coat and the
contain either m1B or the original m1 isoform (renamedlipid bilayer is a layer of clathrin adaptors. These multi-
m1A), or if both isoforms are present on a single vesicle.subunit adaptor complexes may facilitate selective in-
corporation of cargo into the nascent vesicle and recruit-
ment of clathrin to the membrane. In this issue of Cell,
FoÈ lsch et al. (1999) have used a cell line lacking an
alternate subunit of a clathrin adaptor, m1B, to demon-
strate its role in sorting of proteins to the basolateral
surface of epithelial cells. In the TGN newly made pro-
teins are segregated into vesicles that ultimately carry
them to either the basolateral or apical surface. A de-
cade ago it was believed that sorting to the basolateral
surface was by default, i.e., no signal was needed. This
was disproved by showing that mutations in the cyto-
plasmic domains of many basolateral proteins resulted
in their misdirection to the apical surface (reviewed in
Matter and Mellman, 1994). More importantly, short se-
quences in the cytoplasmic domains of the polymeric
immunoglobulin receptor (pIgR) and LDL receptor
(LDLR) were sufficient to redirect heterologous proteins
to the basolateral surface (Casanova et al., 1991; Matter
et al., 1992).
Some basolateral sorting signals resemble the endo-
cytic signals used for incorporation of membrane pro-
teins into clathrin-coated pits at the plasma membrane,
suggesting that basolateral sorting uses a similar clathrin-
based mechanism. The molecular basis for recognition
of endocytic signals is partly understood. The AP2 class
of clathrin adaptors, containing a, b2, m2, and s2 sub-
Figure 1. Components of the Membrane Traffic Machinery Involved
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Whether m1B is strictly required for basolateral sorting the kidney proximal tubule cell (the origin of LLC-PK1
is not yet known, but the missorting phenotype of LLC- cells), where they could function to retrieve proteins
PK1 cells lacking m1B strongly suggests that this might from the urinary filtrate. Similarly, during development
be the case. m1B can recognize Tyr-based basolateral of epithelial tubules, cells undergo a transient loss of
signals (Ohno et al., 1999). However, there are multiple polarity, but then reestablish apical and basolateral sur-
types of basolateral sorting signals and only a subset faces (Pollack et al., 1998). These are but two examples
of proteins rely on m1B for their sorting. A different type of how modulating polarized trafficking pathways can
of basolateral signal, an LL sequence, interacts with the provide the flexibility to generate specialized cell types
b rather than the m adaptor subunit, and the IgG Fc and enable the cell to adapt to changing developmental
receptor FcRII-B2 (which contains an LL signal) is baso- requirements.
lateral even in LLC-PK1 cells. Yet another type of baso-
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Similar experiments in polarized cells are thus needed
to test this possibility. Alternatively, the same sorting
machinery may act in both the TGN and endocytic path-
ways. In polarized MDCK cells, AP1 (m1 isotype un-
known) and clathrin have been found on TfR-containing
buds on tubular endosomes, which may generate vesi-
cles that recycle back to the basolateral surface (Futter
et al., 1998). This process might use m1B, and its ab-
sence in LLC-PK1 cells would thereby abrogate polar-
ized recycling.
That m1B may be used for multiple sorting pathways
and that there exist m1B-independent mechanisms for
basolateral transport, highlights the complexity of the
sorting machinery. Indeed, it seems that the only ªlawº
of membrane traffic is that there is always another path-
way. What might be the physiologal significance of this
complexity? The lack of m1B in LLC-PK1 cells may serve
to deliver endocytotic receptors to the apical surface of
